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2. AMPHIPHILES
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2.1 Thermodynamics of self-assembly  
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Fig. 2.1: Schematic illustration of the hydrophobic effect. 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 ࣆ         
 ܰǡࣆࡺ࢕       
ܰǡkBǡT
ࢄN
ܰǤ
 

         
 ǡ        
ǡߤே௢ ǡܰ
Ǥ           
d 
Ǥ
d ͳ ǦȋǡȌǡ
ʹǦȋǡȌ
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͵ǦȋǡȌȋFigure 
2.2ȌǤǡʹͷǣ
 
ߤே௢ ൌߤஶ௢ ൅ȽȀͳȀ   Eq. (2)
 
ࣆஶ࢕           
 Ƚ       Ǧ
Ǥ


   ǣ  ǡ    
ǡǡ
NǤ	
ȋdͳȌǡ
ʹǡNǡ
     1/Nǡ ǡ     Ǧ
ȋd ʹȌǡ  N  
   ȋɎR2Ȍ      
    ȋ2ɎRȌ     
1/N1/2Ǥ
  
 
 
Fig. 2.2: One-, two-, and three-dimensional structures by the association 
of identical monomer units in solution. 
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      ߙ  
d Equation 2 
     Ǧ  
   ǡ ǡ  Ǥ  
     Ǧ ߙ Ȁ
       ȋcf. ʹǤ͵Ǥʹ 
ȌǤ
  
2.2 The concept of molecular packing parameter 

      Ǧ  
Ǧ       
Ǥ
   ǡ ʹ͸ǡ 
ȋȌ
Ǧ
ȋȌ
ǡǡȋFigure 2.3ȌǤ

 
 
Fig. 2.3: The two opposite forces inside a micelle.   
        
 ܽo.    X    lc      
ǡǡǤ

ǡ         
ǣ
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ߤே௢   αߛܽ ΪKȀܽ    Eq. (3) 
 
ࢽǡࢇ 
KǤ
        ǡ
ߤே௢ Ȁܽ ൌ Ͳǡ     Figure 2.4ǡ   
ࢇo ൌ ඥܭȀߛǤ
    ܽo   Equation 3ǡ  
p ǣ

ൌvȀcao      Eq. (4) 
 
vǡlc
Ǥ
        
Figure 2.5Ǥ
 
 
 
Fig. 2.4: A plot of the interaction free energy ࣆࡺ࢕ as function of head group 
surface area ࢇ.     
ܽoǡ
Ǥ

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Fig. 2.5: Packing parameters and the related shapes of associated 
aggregates. 
 
2.3 Bilayers and closed vesicles 
 
       
     Ǧ   Ǥ 	ǡ
       
ǡ    ǡ   
   Ǥ ǡ    
      Ǥ   
          
Ǥ
  ǡ      
         ܽo 
     
ǡ        
Ǥ      ȋe.g. ǡ
 Ȍǡ     Ǥ   
       
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       
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
ʹǤ͵Ǥͳ

        
    ǡ    
ʹ͹ǡʹͺǤ
ǡ
      Ǥ ǡ  
          
ʹͻǤ
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Stretching 
        Ǥ   
Ǧǡ
     ȋFigure 2.6ȌǤ 	 
 ǡ        
ǣ

ൌሺȀʹͲሻሺܣ െ Ͳሻଶ   Eq. (5) 

 ǡͲ
ǡ࡭Ǥ

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Fig. 2.6: Schematic illustration of stretching, shearing and bending. 
 
Shearing 
       Ǧ   
     ȋFigure 2.6ȌǤ   
       Ǥ   
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ǡ     
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ǣ
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ൌߤߚ   Eq. (6) 
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Ǥ
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Bending 
     
   ȋFigure 2.6ȌǤ       
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  ǦǤ  
ǡ        
       
Ǥ
           
 ͳ  ʹ ȋFigure 2.7Ȍ  Ͳǡ  
Ǥ



Fig. 2.7: Schematic illustration of the principal curvatures ͳ  and ʹ .

     ʹͺ    
    ǡ       
ǣ

ൌ ൤ሾNȀʹ൫ͳ൅ʹǦͲ൯ଶ൨ ൅ Nͳʹ   Eq. (7) 
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NN
Ǥ

13 
 
ʹǤ͵Ǥʹ

        
ǡΦδ p δͳǡ
Ǥ
  ǡ     Ǥ
	 ǡ    ܽo     
ǡ
Ǥ ǡ ܽo 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͵ͲǤ 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  
         
     ͵ͲǤ  
       ǡ
        
͵ͳǤ

       
Ǧǡ
͵ʹǤǡ
  Ǧ Ǧ
ǡǡǡ
ǡǤ

Ǥ

         
      ȋFigure 2.8ȌǤ 
(ǣ

( ൌ ʹߨߛݎ   Eq. (8) 
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( ൌ ͶߨሺʹN൅Nሻ    Eq. (9) 
 
N    N  
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
Fig. 2.8: Formation of a closed vesicle from an open bilayer disk. ǣ 
          
ǤǣǤ 

ǡ
         
 ȋFigure 2.8ȌǤ
(/(rcǣ

rc ൌ ሺͶN൅ʹNሻȀߛ    Eq. (10) 
 
	ǡǢͳͲ
ߛ͵Ͷǡ͵ͷǡ ͳͲ-ʹͲkBT N  - ͲǤͻN  N37,38.    rc
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ൌǦȗ    Eq. (11) 
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   3. LIPOSOMES 
 
        Ǧ
         
ǤǤ
        ǲǳ
ǡ       
Ǥ
ǡǤ
       
Ǧ
Ǥ
 
3.1 Lipids and lipid bilayers 

        
Ǥǡ
Ǥ
ǡǡ
ǡ
 ǡ     ͵ͻǤ  
          
     Ǥ  
  ǣ
ǡ ǡ 
ȋFigure 3.1Ȍ Ǥ
   ǡ
 Ǥ 
ǡ
ʹǦǤ
        ȋǦ
Ȍǡ        ǡ   

Ǥ        
         
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

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Fig. 3.1: Structure of some phosphoglycerides. 
 
3.2 Classification of liposomes 

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ǡ 
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Fig. 3.2: Different types of liposomes according to their size and number 
of membranes bilayers.  =   ǡ  α 
 ǡ 
 α 
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
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ǡ      
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Ǥ 
   
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     ǡ   
Ǥ
      
  ȋȌǤ 	    
ǡ   
      ǡ   
  Ǧ ǡ Ǧ   
ͶͲǡͶͳǤ     
       
 ǡ      
20 
 
Ǥǡ
   ǦǦ ȋ Ȍǡ   

ȋȌǤ
Ǧ
ȋ    ͵Ǥ͸ 	   Ǧ
ȌǤ

3.3 Preparation of giant vesicles 
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Fig. 3.3: Experimental set-up of electroformation technique of giant 
phospholipid vesicles on a silicon substrateͷʹ.   
ǤͷʹǤʹͲͲͺǡǤ
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3.4 Formation of flat giant unilamellar vesicles 
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Fig. 3.4: Formation of a flat giant unilamellar vesicle. 	
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3.5 Lipid nanotubes
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3.6 Fabrication of linear nanotube-vesicle networks
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Fig. 3.5: Formation of a linear nanotube-vesicle network. ȋȌ
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   4. NIOSOMES 

Ǧ   ǡ   ǡ 
   Ǧ  Ǧ  
ǡ   ǡ    
Ǥ        
 ǡ     
       Ǥ
         
 Ǥ      

  ͺͲǡ ͺͳǡ  ͺʹǤ  
ǡǡ
         Ǧ
Ǥ 

4.1 Non-ionic surfactants and bilayers 
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Fig. 4.1: Structure of Span 20, 40, 60 and 80. 
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4.2 Classification and preparation of niosomes 

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4.3 Niosomes versus liposomes  
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   5. METHODOLOGY 
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5.1 Surfaces preparation 
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Fig. 5.1: Schematic drawing of DC sputtering deposition. 
 
Ǥ

ǤͳͲͷͲͲͲǡ
34 
 
      ǡ    
  Ǥ      
    ǡ      
       Ǥ 
Ǥ
ǡ         
ǡ
ǡȋȌǤ

  	 ȋ	Ȍ ǡ     
   ǡ      
 Ǥ        
Ǥ
 ǡ  Ǧ       
Ǥǡ	
      ǡ
   ʹǤ      
ǡ        
 Ǥʹ
         
ȋ Ȍ   Ǧ  ȋ
ȌǤ

ͷǤͳǤʹǦ

    Ǧ    
 ǡ    
Ǥ
Ǧͺ     Ǧ  ǡ
   Ǥ  
Ǧ
Ǥ
 ǡ     Ǥ  Ǧͺǡ
ȋ	͸ǦȌǦ
     Ǥ   
Ǧ    ȋFigure 5.2ȌǤ 	ǡ 
     Ǥ   
35 
 
 Ǧǡ 
ǡǤ


 
 
Fig. 5.2: Chemistry of photo-polymerization of SU-8. 
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5.2 Infrared Laser Heating 
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Fig. 5.3: Infrared laser heating system.
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5.3 Imaging techniques 
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Fig. 5.4: Wide-field versus confocal microscopy.   ǡ Ǧ

Ǥ
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